The cardiovascular health of athletes, particularly young athletes, is often assumed to be good given that these individuals participate in health-promoting activities involving training of the cardiovascular system. However, research over the past several decades indicates that there are a number of idiopathic or genetic diseases that may affect an athlete's heart leading to death with little warning. A number of high profile cases have drawn attention to the issue of sudden cardiac death (SCD) in young (≤ 35 years) athletes in recent years. Although sudden death due to an undetected heart condition in a young athlete is a rare event, each case represents a terrible tragedy that affects the entire community. Despite considerable debate as to whether these events can be prevented by screening, some experts in the field of cardiology suggest that proper screening may reduce the number of fatalities. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] To address this issue, The American Heart Association (AHA), as well as a number of other groups, has established standards for the screening of athletes at the high school and college level. [9] [10] [11] The following is a summary of recommendations for athletic screening for heart disease, based on American Heart Association statement:
• Exertional chest pain/discomfort • History of dizziness, syncope or near syncope • Excessive/unexpected shortness of breath, fatigue, or diaphoresis with or without exercise • History or physical findings consistent with Marfan Syndrome • Past detection of heart murmur, arrhythmia, additional heart sounds (S3 or S4) or elevated blood pressure • Family history of premature (< age 50) death or disability from cardiovascular causes in close relative Both younger and older athletes in the U.S. may go unchecked for heart disease for a variety of reasons. Several experts in the field suggest that the prevalence and thoroughness of preparticipation screening for heart disease in high schools and colleges is less than ideal. 1, [13] [14] [15] [16] [17] Moreover, a great deal of attention has been paid to screening of young athletes, but SCD in older athletes is far more common. 18 The causes of SCD in athletes are complex and dissimilar in younger compared with older athletes. Older athletes most often succumb to a coronary event or myocardial infarction, similar to cardiac death in the general population, whereas younger athletes are more likely to succumb to a genetically-linked or congenital cardiac defect. [19] [20] Currently, over 20 genetic or acquired conditions have been found to contribute to SCD in younger athletes with no single cause accounting for greater than 30 to 40% of cases. 4, 12, 18, 19 Taking into consideration the many causes of SCD in athletes and the overlap in clinical presentation of "athlete's heart" compared with pathological cardiac hypertrophy, identifying athletes at risk for SCD is a daunting job for a clinician unless they are specifically educated about these conditions. 8, [19] [20] [21] Because of differences in the pathophysiology of SCD, young athletes may present with different markers or signs and symptoms compared with older athletes at risk. An uninformed clinician or healthcare worker who is not trained in what to look for may not be alert to findings or to an athlete's complaint that indicates a serious underlying condition.
While physical therapists (PTs) and athletic trainers (ATs) may not be the healthcare workers primarily charged with preparticipation screening of athletes specifically for heart disease, educational standards for both professions include a routine systems review, including the cardiovascular system (CV), for all patients. 22, 23 Despite considerable literature about what should be included in formal "pre-participation screening for sports" (PPSS, screening specifically intended to identify athletes who may have a medical condition that prevents them from participating in a sport), little is known about the informal cardiovascular screening practices of ATs and PTs during routine evaluation of an athlete for an injury. For example, the extent to which ATs and PTs routinely screen the cardiovascular system of athletes during evaluation for an orthopedic injury is unknown. Because of the close contact PTs and ATs have with athletes, they may be the first health care professional to detect a condition or risk factor for SCD if they include a thorough screening of the cardiovascular system during routine evaluation.
We hypothesized that ATs and PTs working with athletes may not be aware of the primary causes of SCD in either younger or older athletes and may not evaluate these patients adequately for heart disease or conditions that indicate increased risk of SCD. Our purpose was to determine whether ATs and PTs, or those with both credentials (AT/PT), perform a thorough screening of the CV system during routine evaluation of athletes and, if screening is inadequate, identify where deficits occur and whether differences are related to profession, education level, practice setting, clientele or knowledge about the causes of SCD in younger or older athletes.
Methods
To determine how ATs and PTs screen for heart disease during evaluation of athletes, we randomly sampled licensed ATs and sports PTs across the U.S. and inquired about their practices related to screening for heart disease and risk of SCD, relative to the AHA standards. In addition, we questioned them about their knowledge of the causes of SCD in young (≤ 35 years) and old (>35 years) athletes. The survey was conducted by a combination of e-mail and postal mail. This study was approved by the University IRB Committee and all subjects provided informed consent. All subjects' rights related to this research study were protected.
Design
The study design was a survey. The dependent variable was the composite screening score (CSS), an average score on 13 questions related to how thoroughly clinicians evaluate athletes for heart disease. The independent variable was profession, with 3 levels: AT, PT, and those with dual credentials (AT/PT). In addition, demographic and practice data and knowledge about cause of heart disease in athletes (predictive factors) were collected in an effort to determine which factors were most closely related to CSS.
Subjects and Survey Technique
We surveyed licensed ATs based on their membership (2002/2003 listing) in the National Athletic Trainers Association (NATA; 23,390 members). This list is published by the NATA and is available to all members. To access a population of physical therapists who were involved in treating primarily athletes, we surveyed PTs who were members of the Sports Physical Therapy Section (SPTS; 6,796 members) of the American Physical Therapy Association. An electronic list of SPTS members was furnished by the organization. Based on a sample size analysis (5% margin of error, 95% confidence interval, 50% response distribution, and overall response rate of 50% [24] [25] [26] ), we estimated a sample size of 1,890 for the NATA group and 1,820 for the SPTS group. A stratified-sampling technique, based on percentage of ATs by district and PTs by state was employed to survey members via both e-mail and postal mail. This strategy yielded a list with representation from all districts and all states for ATs and PTs, respectively. Initial emails to the SPTS members suggested that many of the e-mail addresses were invalid and of those who did respond, many did not work with athletes; therefore, the entire population of the SPTS members who provided an e-mail address was solicited with the online survey (5, 408) .
To access those ATs and PTs who did not list an e-mail address, as well as those who did not respond to our e-mail solicitation, we used the same stratified sampling technique to contact subjects via postal mail. We surveyed 100 PTs and 100 ATs who did not list an e-mail address as well as 100 PTs and 100 ATs who did not respond to an e-mail solicitation (e-mail nonresponders or those listing an invalid or undeliverable address). Follow up e-mail and postal surveys were sent out 2 weeks after the original mailing if subjects failed to respond or if surveys were returned with a forwarding address.
Inclusion and Exclusion Criteria. Only respondents who reported possessing a physical therapy degree or athletic training certification were included. Those who reported (in demographic item #3) that they did not work with athletes were excluded. Subject characteristics are shown in Table 1 . A total of 257 responses were counted with 91 from ATs, 103 from PTs, and 63 from AT/PTs. Survey Questions. Subjects were asked how often (% time) they performed each of 13 screening items based on the screening criteria of the American Heart Association. 10, 11 The form was structured such that subjects could choose from 0, 25, 50, 75, or 100% of the time. Subjects were also surveyed about demographic factors that included entry level degree, advanced degrees or other certifications, years of experience, practice setting, percent of athletes treated, and involvement in official preparticipation screening of athletes. To gauge knowledge about the causes of cardiac death in athletes, respondents were asked to answer questions about the primary causes of SCD in younger (≤ 35 years) and older (> 35 years) athletes (based on a multiple choice format). A copy of the questionnaire is included in the appendix.
To determine the intrarater reliability of the survey, we performed test-retest measurements on 15 additional ATs or PTs who reported that they worked with athletes (8 PTs, 2 ATs, and 5 AT/PTs), but who were not involved in the study or knowledgeable about the study. These subjects were resurveyed 7 to 14 days after completing the initial survey. To determine the internal consistency of the 13 survey items, a reliability analysis using SPSS 15 software (SPSS Inc., Chicago, IL) was run using the complete data set.
Analysis. The CSS was determined for each subject from the mean of the 13 individual screening items on the survey that represented a combination of the percent of time or the percent items screened (ie, a score of 50% could be achieved by either screening all items 50% of the time or screening 50% of the items 100% of the time). For the intrarater reliability analysis, the CSS from the first trial was compared with the CSS from the second trial using a Spearman's correlation.
To classify the thoroughness of the screening procedures reported by ATs and PTs, we defined "adequate screening" as a CSS of 50% or greater. Using a value of 50% as the cut-off was based on a review of the joint statement from the AHA and other expert groups, 10, 11 as well as the recognition that a system review during evaluation of an athlete (in an athletic training room or in a physical therapy clinic) need not be as rigorous as formal preparticipation screening of athletes (for the express purpose of identifying people at risk for CV disease). For the purposes of this survey, "athlete" was defined as a person participating in an organized high school, college, professional, or community organized sporting event. Differences between the professional groups on demographic and practice factors were analyzed by a Chi square test.
The main outcome (CSS) was analyzed using a general linear model. Differences in the CSS as a function of profession was based on a univariate analysis of variance (dependent variable = CSS, independent variables = profession with three levels: AT, PT, AT/PT) with a Games-Howell post hoc test. To confirm the relevance of "preparticipation screening for sports" (PPSS), the same univariate analysis as above was run, but with PPSS as a fixed factor. Differences in CSS between postal and e-mail surveys were analyzed using a univariate analysis of variance with CSS as the dependent variable, method of solicitation as a fixed factor, and profession as a covariate. The relationship between knowledge about the cause of heart disease in athletes and CSS was explored using a Spearman correlation.
To explain differences in CSS between professions, further analysis was performed with demographic and practice factors using logistic regression. Regression was performed with a forward method with factors entered based on a probability of 0.05 and removed with a probability of 0.01. The "goodness of fit" (pseudo-r 2 ), indicating the strength of relationships, was calculated. The objective of regression analysis was to determine which demographic or practice factors were the best predictors of the CSS. To simplify the model, some demographic and practice factors were dichotomized. Advanced degree was dichotomized into yes or no, practice setting was dichotomized into school or nonschool setting, percentage athletes was dichotomized to ≤ 80% or > 80% and years of experience to < 5 years and ≥ 5 years.
An alpha level of 0.05 was the criteria for significance in all analyses. All statistical analyses were performed with SPSS 15 (SPSS Inc, Chicago, IL). Results are shown as mean ± SEM and (*) and ( †) indicate significant difference between groups.
Results
The overall response rate for the SPT members was 30.6% for the postal sample and 4.7% for the e-mailed solicitation. The overall response rate for ATs was 20.2% for the postal sample and 6.6% for the e-mail sample. The e-mail response rate was based on the number of confirmed deliverable and undeliverable e-mails.
The result of the intrarater reliability test showed a high degree of correlation on the CSS within subjects who took the survey one to two weeks apart (rho = 0.89) and a significant relationship between the results (P < .01). Furthermore, Cronbach's alpha, an indicator of the internal consistency of items, was 0.91, indicating good consistency.
ATs, PTs, and PT/ATs differed significantly on a number of demographic factors based on a Chi square analysis (Table 1) . With respect to education, PTs had a higher entry level degree (Master of Science degree most common), but ATs more frequently had an advanced degree (Master of Science degree most common). Athletic trainers most commonly worked in a school setting and treated a higher percentage of young athletes compared with both PTs and PT/ATs. ATs were also more likely to be involved in formal preparticipation screening of athletes compared with the other groups. These factors, as predictors of the quality of the CV screening, were examined with regression analysis. We also compared e-mailed and postalmailed survey results to determine if the method of solicitation was a source of variability in the data. There was no significant effect of method of solicitation on CSS relative to profession (P = .34) based on a univariate analysis of variance.
Comparison of the CSS by profession revealed that ATs performed adequate screening more often than both PTs and PT/ATs (AT = 60.3 ± 3.0 * † , N = 89; PT = 40.4 ± 2.6, N = 99; PT/AT = 48.1 ± 3.8, N = 63; Figure 1 ). Moreover, compared with PTs, ATs more frequently screened individual items adequately (ATs performed significantly higher on 9 of the 13 individual screening items; Figures 2A, B, C) . ATs adequately screened (>50% of the time) all but two of the 13 individual items. On the other hand, PTs performed only 3 of the 13 screening items >50% of the time. The items not adequately screened by ATs were inquiring about a history of Marfan's syndrome and measuring the blood pressure. The items not adequately screened by PTs included the same items as for the ATs, plus inquiring about a family history of premature death, a personal history of heart murmur, prior limitation from sports, chest pain, shortness of breath or syncope with exertion, and auscultating the heart and measuring peripheral pulses. Subjects with both a PT degree and AT certification (PT/AT) scored intermediate in both the composite screening score and in the individual screening items.
Logistic regression analysis was used to determine if demographic or practice factors or knowledge about the causes of SCD in athletes correlated with the composite screening score. Initial analysis of demographic factors suggested that the items "PPSS," "% athletes treated," and "practice setting" identified the same subgroup of subjects; therefore, only PPSS was included of these 3 factors to simplify the analysis. Involvement in PPSS was the strongest predictor of the CSS (pseudo-r for model = 0.513 and pseudo r 2 = 0.263, P < .05) and advanced degree (AD) was the next best predictor (P = .013). However, the correlation between AD and CSS was significant, but weak (pseudo r 2 = 0.039, P < .05). Controlling for PPSS in the univariate analysis of variance test eliminated differences between the professions (P = .23 for main effect). In addition, there was no significant relationship in the regression model between the score on questions about the primary cause of SCD in athletes and CSS (P = .143). To confirm these findings, bivariate correlations were performed on PPSS and CSS and on "knowledge of cause of SCD in athletes" and CSS (Spearman correlations). These tests showed a positive relationship between PPSS and CSS (P < .05) but no relationship between "knowledge of cause of SCD in athletes" and CSS (P = .56).
Discussion
Our data suggest that ATs and PTs differ with respect to the thoroughness of their cardiovascular screening and that sports PTs may not adequately screen their athlete-patients for heart disease. However, the results also indicate that PPSS is the strongest predictor of the thoroughness of the CSS. A simple tabulation of the percentage of ATs and PTs who were involved in PPSS indicates that many ) indicates significant difference from PT/AT group. Significant differences between ATs and PTs occurred in 9 of the 13 screening items. Items screened < 50% of the time by ATs were inquiring about a family history of Marfan's syndrome and measuring the blood pressure. Items screened < 50% of the time by PTs were inquiring about a family history of premature death, a personal history of heart murmur, prior limitation from sports, chest pain, shortness of breath or syncope with exertion, a history of Marfan's syndrome, parental confirmation of PMH and past family history, and auscultating the heart and measuring blood pressure and peripheral pulses. Abbreviations used are as follows: AT = certified athletic trainer; PMH = past medical history; PT = physical therapist; PT/AT = physical therapy degree and athletic training certification.
more ATs perform PPSS compared with PTs or PT/ATs (73% versus 34% versus 57%, respectively; see Table 1 ). Interpretation of this data are complicated by differences in practice between these two professions; moreover, these conclusions are based on the assumption of representative samples for the professional groups and sample bias, particularly if it influenced the percent of clinicians who were involved in PPSS, could have altered these relationships. When PPSS is controlled in the analysis, the three professional groups do not differ with respect to CSS. This indicates that clinicians who are involved in PPSS do an adequate job screening, regardless of their degree or certification.
It is likely that ATs or PTs who work in a school setting with a high percentage of athletes and who are involved in PPSS treat (for orthopedic injuries) many of the same athletes that they formally screen. Regarding the close relationship between PPSS and CSS, we cannot rule out the possibility that subjects who were involved in PPSS assumed that the 13 screening items were completed for an athlete during formal PPSS (and not necessarily during routine screening for an orthopedic injury). Alternatively, a more thorough screening by those involved in PPSS may have occurred because those clinicians are more aware of the need for screening the cardiovascular system in this population and receive "on the job" training. Those clinicians who are not involved in PPSS do not adequately screen their athlete-patients for heart disease. According to our findings, this group includes 73% of PTs who work with athletes. Regardless of the differences in PPSS between groups, this survey demonstrates that there may be a need for education related to evaluating the CV system of athletes and that this may be more important for PTs relative to ATs.
As health care providers to athletes, it is important that PTs and ATs consider their patients' cardiovascular health along with orthopedic health issues. The Normative Model of Physical Therapist Professional Education: Version 2004 (APTA) contains multiple references to patient evaluation, including a history and review of systems for all patients and describes competencies relative to recognizing and referring patients with medical conditions requiring greater expertise. 22 On the other hand, The Role Delineation Study, fifth edition (Board of Certification), used in AT educational programs contains specific language dealing with competencies in identification and evaluation of "catastrophic risk" factors for athletes. 23 Evaluation of the CV system of athletes, while consistent with the competencies for PT education, is not emphasized to the degree and in the same level of detail as it is in AT education. Results of this survey suggest that some clinicians who work with athletes may be overlooking this aspect of care and this could be due to educational differences between the professions.
Based on the logistic regression analysis and the Spearman correlation, knowledge about the causes of SCD in athletes does not predict which clinicians adequately screen athletes for CV disease, suggesting knowledge of heart disease in athletes is not related to thoroughness of screening. It must be recognized, however, that this analysis only examined relationships and does not prove or disprove cause and effect. In attempting to explain why those clinicians who are involved in formal PPSS performed superior on the CSS, we speculate that it may be related to specific education or skills that are learned as part of the sports screening or to a general appreciation for the risk factors for heart disease that are acquired during formal PPSS. Those clinicians not involved in PPSS may not appreciate the importance of cardiac defects in athletes or may simply overlook these tests due to lack of exposure. An important question not asked in this survey was whether clinicians received formal training in screening of athletes for heart disease. This knowledge would have identified where the deficits lie with respect to AT or PT education or training and where in their curriculum this knowledge is incorporated.
The question of whether consistent screening for heart disease in athletes during routine evaluation by a PT or AT might actually result in fewer fatalities, timelier referral or better treatment cannot be definitively answered. Few studies have looked at the effectiveness of formal preparticipation screening of athletes specifically for heart disease 2,27-29 and many have estimated that at best, screening will identify only a fraction of those at risk for SCD, 5, 19, 30 since the underlying defects are difficult to detect; however, if including the CV system during the routine evaluation of an athlete yields even a few positive cases, these may represent lives saved. Moreover, there are other reasons beyond identifying people at risk for SCD to include the CV system when performing a routine evaluation on an athlete. For example, hypertension is fairly common in Master (>40 years of age) endurance athletes (8.7% of one cohort) 31 and mitral valve prolapse was found to have a prevalence of 3% in a cohort of intercollegiate athletes. 32 Hypertension or mitral valve prolapse would, in theory, be detected during the PT or AT's evaluation if recommendations of the AHA consensus group were followed during the athlete evaluation. While these conditions are less serious compared with coronary artery disease or hypertrophic cardiomyopathy, they still warrant referral. Detection of one of these conditions by a PT or AT may result in earlier treatment. For a thorough review of screening of the CV system in an athlete, see Evans and Cassidy, Lyznicki et al, or Maron. 8, 15, 19 Regarding the return rate for both e-mailed and postal surveys in this study, the response was suboptimal. The outcome of the study must be interpreted cautiously since the low response rate may have biased the results in several ways. Potential respondents who did not routinely screen athletes for CV disease may have been less likely to fill out the survey or other factors, such as the practice setting of the caregiver. These may have affected whether they completed the survey, thus indirectly affecting the results. In addition to the low response rate, other confounding variables that were not described in the study could have influenced the results. For example, the percentage of older athletes that clinicians treated may have played a factor, but these data were not collected in the survey.
Several studies have shown that response rates are lower in e-mail surveys. [24] [25] [26] We attempted to determine the validity of addresses by tagging a subset of outgoing e-mails with "delivery receipt notification" and also by subtracting those that were returned by the addressee's server (as undeliverable) from the initial sample or cohort. This strategy was only partially successful, however, since it did not identify orphan mail boxes, accounts that were not regularly checked, or accounts blocked by antispam software. Despite the low e-mail response rate, those that did respond to the electronic survey were not different on the main outcome measure when compared with those that responded to the mailed surveys.
Conclusions
The results suggest that ATs and PTs differ in the thoroughness of their evaluation of the CV system of athletes, but that the quality of CV exam is most closely related to involvement in formal PPSS. Encouraging greater preparticipation screening for sports is one way to help prevent SCD in athletes. However, many athletes may not undergo formal screening and, therefore, clinicians who work with athletes still need to be vigilant for heart disease. These finding suggests that some sports clinicians may not adequately evaluate athletes for heart disease. This may be due to a lack of formal or informal training on this topic and changes to educational standards may help remedy this situation. A more in-depth study that includes a larger sample is warranted to confirm these findings and to investigate the reasons for discrepancies in the thoroughness of CV system review.
Please indicate (Circle) the approximate % of time that you ask a specific question or perform a specific test when evaluating an athlete (ie, person participating in an organized high school, college, professional, or community organized sporting event). Specifically inquire about a family history of sudden death or disability due to heart disease in an immediate relative < 50 years of age. Thank you for your help.
